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NATIONAL FOREWORD 

This Indian Standard which is identical with ISO 7199 : 1996 'Cardiovascular implants and artificial 
organs — Blood-gas exchangers (oxygenators)' issued by the International Organization for 
Standardization (ISO) was adopted by the Bureau of Indian Standards on the recommendation of the 
Thoracic and Cardiovascular Surgery Instruments Sectional Committee and approval of the Medical 
Equipment and Hospital Planning Division Council. 

This standard is intended to ensure that devices designed to effect the exchange of gases in support 
of, or as a substitution for, the normal respiratory function of the lungs have been adequately tested 
for both their safety and function, and that extracorporeal device characteristics are appropriately 
disclosed when labelling the device. 

This standard, therefore, contains recommended procedures to be used for evaluation of extracorporeal 
blood-gas exchangers (oxygenators). Type-test procedures for determination of the gas transfer, 
blood cell damage and heat exchanger performance of such devices are described although limits for 
these characteristics are not specified. Ready identification of the performance characteristics should, 
however, assist the user in the selection of an oxygenator which will suit the needs of the patient also 
includes minimum reporting requirements which will allow the user to compare performance 
characteristics oxygenators of different designs in a standard way and makes reference to other 
Indian Standards in which methods for determination of characteristic common to medical devices 
can be found. 

No provisions have been made for quantification of microbubble generation nor for nonformed elements 
of bovine blood, due to the fact that there is currently no consensus regarding satisfactorily reproducible 
test methods. 

Requirements for animal and clinical studies have not been included in this standard. Such studies 
may be parts of a manufacturer's quality system. 

This standard contains only those requirements that are specific to oxygenators. Non-specific 
requirements are covered by references to other standards. Since nontoxicity is anticipated to be the 
subject of a future horizontal/level 1 standard, this standard does not cover nontoxicity. 

The text of ISO Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention 
is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be 
read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice 
is to use a point (.) as the decimal marker. 

In this adopted standard, reference appears to certain International Standards for which Indian 
Standards also exist. The corresponding Indian Standards which are to be substituted in their 
respective places are listed below along with their degree of equivalence for the editions indicated: 

International Standard Corresponding Indian Standard Degree of Equivalence 

ISO 10993-1 : 1992 Biological IS 12572 (Part 1) : 1994 Biological Identical 

evaluation of medical devices — evaluationof medical devices: Part 1 
Part 1 : Evaluation and testing Guidance on selection of tests (first 

revision) 

( Continued on third cover) 
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Indian Standard 

CARDIOVASCULAR IMPLANTS AND ARTIFICIAL 

ORGANS — BLOOD-GAS EXCHANGERS 

(OXYGENATORS) 



1 Scope 

This International Standard specifies requirennents for sterile, single-use, extracorporeal blood-gas exchangers 
(oxygenators) intended for supply of oxygen to, and removal of carbon dioxide from, the blood of humans. 

This International Standard also applies to heat exchangers that are integral parts of oxygenators and to external 
equipment unique to the use of the device. 

This International Standard does not apply to: 

— implanted oxygenators; 

— liquid oxygenators; 

— extracorporeal circuits (blood tubing); 

— separate heat exchangers; 

— separate ancillary devices. 

2 Normative references 

The following standards contain provisions which, through reference in this text, constitute provisions of this 
International Standard. At the time of publication, the editions indicated were valid. All standards are, subject to 
revision, and parties to agreements based on this Internationa! Standard are encouraged to investigate the 
possibility of applying the most recent editions of the standards indicated below. Members of lEC and ISO maintain 
registers of currently valid International Standards. 

ISO 1 0993-1 :1 992, Biological evaluation of medical devices — Part 1: Evaluation and testing. 

ISO 1 0993-7: 1 995, Biological evaluation of medical devices — Part 7: Ethylene oxide sterilization residuals. 

ISO 1 0993-1 1 :1 993, Biological evaluation of medical devices — Part 1 1: Test for systemic toxicity. 

ISO 11134:1994, Sterilization of hiealth care products — Requirements for validation and routine control — 
Industrial moist heat sterilization. 

ISO 1 1 1 35: 1 994, Medical devices — Validation and routine control of ethylene oxide sterilization. 

ISO 11137:1995, Sterilization of health care products — Requirements for validation and routine control — 
Radiation sterilization. 
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ISO 1 3485: — ^ I Quality systems — Medical devices: Particular requirements for the application of ISO 9001. 
ISO 13488: — ^\ Quality systems — Medical devices: Particular requirements for the application of ISO 9002, 

3 Definitions 

For purposes of this International Standard, the following definitions apply: 

3.1 blood-gas exchanger (oxygenator): Extracorporeal device designed to supplement, or be a substitute for, 
the respiratory function of the lung. 

3.2 blood pathway: Paths of the oxygenator containing blood during intended clinical use. 

3.3 bovine blood: Heparinized bovine blood, whole, or diluted with physiological saline solution. 

3.4 gas pathway: Parts of the oxygenator containing the ventilation gas during intended clinical use. 

3.5 heat exchanger: Component that is intended to control the temperature of the circulating blood or priming 
solution. 

3.6 heat exchanger performance factor, R: Ratio of the difference between the temperature of blood at the 
outlet and inlet of the oxygenator, to the difference between the temperature of the water at the inlet of the heat 
exchanger and the temperature of the blood at the inlet of the oxygenator, expressed by the following equation: 

where 

Bjo is the temperature of the blood at the outlet of the oxygenator, in degrees Celsius; 
Bj\ is the temperature of the blood at the inlet of the oxygenator, in degrees Celsius; 
Wj\ is the temperature of the water at the inlet of the heat exchanger, in degrees Celsius. 

3.7 integral part: Part that is connected to the oxygenator and cannot normally be separated by the user. 

3.8 operating variables: Settings of controls which affect the function of the device. 

3.9 platelet percentage reduction: Percentage reduction of platelets contained in a circuit incorporating an 
oxygenator, less the percentage reduction in an identical control circuit without an oxygenator, as a function of 
time. 

3.10 plasma-free haemoglobin generation: Concentration of plasma-free haemoglobin in a circuit incorporating 
an oxygenator, less the concentration in an identical control circuit without an oxygenator, as a function of time. 

3.11 white blood cell percentage reduction: Percentage reduction of white blood cells contained in a circuit 
incorporating an oxygenator, less the percentage reduction in an identical control circuit without an oxygenator, as a 
function of time. 

4 Requirements 

4.1 Biological characteristics 

4.1.1 Sterility and nonpyrogenicity 

The blood pathway shall be sterile and nonpyrogenic. 
Compliance shall be verified in accordance with 5.1.1. 



1) To be published. 
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4.1.2 Biocompatibility 

Parts of the blood pathway shall be biocompatible with respect to their intended use. 
Compliance shall be verified in accordance with 5.1 .2. 

4.2 Physical characteristics 

4.2.1 Blood pathway Integrity 

When tested in accordance with 5.2.1, the blood pathway shall not leak. 

4.2.2 Heat-exchanger fluid pathway integrity 

When tested in accordance with 5.2.2, the heat-exchanger fluid pathway shall not leak. 

4.2.3 Blood volumes 

When tested in accordance with 5.2.3, the volume of the blood pathway shall be within the tolerance specified by 
the manufacturer (see 6.3). 

4.2.4 Connectors 

Connectors for connection to the blood pathway shall, when tested in accordance with 5.2.4, allow a secure 
connection. 

NOTE — Connectors of a type that allows connection of tubes with an inner diameter of 4,8 mm, 6,3 mm, 9,5 mm or 
12,7 mm, or a type that complies with figure 1 of ISO 8637:1989, or a type that complies with ISO 594-2:1991. have been 
found satisfactory. 

When tested in accordance with 5.2.4, the gas inlet connection to the gas pathway shall not separate. 

Connectors for the heat-exchanger fluid pathway shall be capable of being connected using fast couplings. 

NOTE — Connectors corresponding to figure 3 of ISO 8637:1989 are considered as one-way to comply with this requirement. 

4.3 Performance characteristics 

4.3.1 Oxygenator and carbon dioxide transfer rates 

When determined in accordance with 5.3.1, the oxygen and carbon dioxide transfer rates shall be within the range 
of values specified by the manufacturer (see 6.3). 

4.3.2 Heat-exchanger performance factor 

When determined in accordance with 5.3.2, the heat-exchanger performance factors shall be within the range of 
values specified by the manufacturer (see 6.3). 

4.3.3 Blood cell damage 

When determined in accordance with 5.3.3, the increased concentration of plasma-free haemoglobin and the 
percentage reduction of platelets and white blood cells shall be within the range of values specified by the 
manufacturer (see 6.3). 

4.3.4 Time-dependent performance changes 

When determined in accordance with 5.3.1, the oxygen and carbon dioxide transfer rates shall be within the range 
of values specified by the manufacturer (see 6.3). 

5 Tests and measurements to determine compliance with this International Standard 

Tests and measurements shall be performed with the device under test prepared according to the manufacturer's 
instructions for intended clinical use. 
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Operating variables shall be those specified by the manufacturer for intended clinical use, unless otherwise 
specified. 

Unless otherwise stated, the temperature of test liquids shall be (37 ± 1)°C. 

If the relationship between variables is nonlinear, sufficient determinations shall be made to permit valid 
interpolation between data points. 

The test or measurement procedures shall be regarded as reference procedures. Other procedures can be 
accepted, provided that the alternative procedure has been shown to be of comparable precision and 
reproducibility. 

5.1 Biological characteristics 

5.1.1 Sterility and nonpyrogenicity 

Compliance shall be verified by inspection of the manufacturer's documentation on sterilization and pyrogen 
testing, in accordance with ISO 111 34, 11 1 35, 1 1 1 37 and 1 0993-1 1 , as applicable. 

5.1.2 Blocompatibility 

Compliance shall be verified by test or by inspection of the manufacturer's documentation on biocompatibility for 
the finished device, in accordance with ISO 10993-1 and 10993-7, as applicable. 

5.2 Physical characteristics 

5.2.1 Determination of blood pathway integrity 

5.2.1.1 Test liquid 

The test liquid shall be water. 

5.2.1.2 Procedure 

Place the device under test in an appropriate test circuit. Subject the blood pathway of the device to a pressure 
which is 1,5 times the maximum pressure or flow specified by the manufacturer for intended clinical use (see 6.3), 
If no maximum pressure or flow is specified, the test shall be performed at 40 kPa. Maintain this pressure for 6 h, 
or as long as is specified by the manufacturer for intended clinical use (see 6.3), and visually inspect the device for 
leakage of water. 

5.2.2 Determination of heat-exchanger fluid pathway integrity 

5.2.2.1 Test liquid 

The test liquid shall be water. 

5.2.2.2 Procedure 

Place the device under test in an appropriate test circuit. Subject the heat exchanger fluid pathway to a pressure 
1,5 times specified by the manufacturer for intended clinical use (see 6.3). If no maximum pressure is specified, 
the test shall be performed at 350 kPa. Maintain this pressure for 6 h, or as long as is specified by the 
manufacturer for intended clinical use (see 6.3), and visually inspect the device for leakage of water. 

5.2.3 Blood volumes 
5.2.3.1 Test liquid 

The test liquid shall be heparinized bovine blood or water. 
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5.2.3.2 Procedure 

The volume of the blood pathway shall be determined over the range of operating variables specified by the 
manufacturer for intended clinical use (see 6.3). 

5.2.4 Connectors 

The connection shall be made in accordance with the manufacturer's instructions for use. 
The connection shall withstand a pull force of 1 5 N for 1 5 s without separating. 

5.3 Performance characteristics 

5.3.1 Oxygen and carbon dioxide transfer rates 

5.3.1.1 Test media 

The test liquid for the blood pathway shall be heparinized bovine blood. The test medium for the gas pathway shall 
be gas of blood oxygen, nitrogen and carbon dioxide concentrations. 

5.3.1.2 Procedure 

Place the device under test in an appropriate test circuit. Perform tests using the following blood inlet conditions 
during determination of oxygen and carbon dioxide transfer rates: 

— oxyhaemoglobin percentage: (65 ± 5) % 

— haemoglobin: (1 2 ± 1 ) g/dl 

— base excess: (0 ± 5) mmol/l 

— PC02- (6,0 ± 0,7) kPa 

Oxygen and carbon dioxide transfer rates shall be determined over the manufacturer's specified range of operating 
variables (see 6.3). 

Between each set of measurements, the blood flow shall be kept at the maximum specified by the manufacturer 
for intended clinical use (see 6.3). 

Determination of oxygen and carbon dioxide transfer rates shall be made at the initiation of the test. For dependent 
determinations, measurements shall be performed at initiation of the test and then at 1, 3 and 6 h after the start of 
the test. As applicable, further determinations shall be made at 6-h intervals. 

NOTES 

1 in vitro tests as well as tests using cattle are acceptable. 

2 The blood may be exchanged for fresh blood as required in oxygen and carbon dioxide transfer measurements. 

3 Data need not be collected at the precise conditions specified. Approximations obtained by reasonable interpolation are 
accepted. 

5.3.2 Heat-exchanger performance factor 

5.3.2.1 Test liquid 

The test liquid for the blood pathway shall be bovine blood or water. 

5.3.2.2 Procedure 

Place the device under test in an appropriate test circuit. Perform the test in vitro under the following conditions: 

— blood inlet temperature, Bj{. (30 ± 1 ) °C; 

— water inlet temperature, Wj\. (40 ± 1 ) °C. 
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The determination of heat-exchanger performance factors shall be made over the manufacturer's specified range 
of operating variables (see 6.3). 

5.3.3 Blood cell damage 

5.3.3.1 Test media 

The test liquid for the blood pathway shall be heparinized bovine blood. The test medium for the gas pathway shall 
be gas of suitable oxygen, nitrogen and carbon dioxide concentrations. 

5.3.3.2 Procedure 

Two sets of appropriate, identical circuit components, including a pump, connecting tubing, a reservoir (as specified 
by the manufacturer and of suitable size relative to the device under test) and a heat exchanger, shall be 
assembled. In one of the circuits, the device under test shall be placed. The blood pathway test-liquid volumes 
shall, at the initiation of the test, be within 1 % of each other. Perform the test in vitro using the conditions given in 
table 1 . 

Table 1 



Item 


Level 


Max. variation 


Blood flowrate 


The maximum specified by the 
manufacturer for intended clinical use 
(see 6.3), or 6 1/min, whichever is 
smaller 


±5 % 


Gas flowrate 


The maximum specified by the 
manufacturer for intended clinical use 
(see 6.3) 


±5 % 


PCO2 


5.3 kPa 


± 0,7 kPa 


Base excess 





± 5 mmol/dl 


Blood glucose 


10 mmol/dl 


± 5 mmol/dl 


Haemoglobin 


12g/dl 


± 1 g/dl 



The sampling schedule shall be in accordance with table 2. 

Table 2 



Parameter 


Prior to test 




Time, after initiation of test, min 








10 


30 


180 


360 


Plasma-free haemoglobin 


X 




X 


X 


X 


WBC 


X 




X 


X 


X 


Platelets 


X 




X 


X 


X 


Blood gas values: 




X 


X 


X 


X 


PCO2 












PO2 












pH 












Base excess 












Haemoglobin 


X 


X 


X 


X 


X 


Glucose 


X 










ACT 


X 










Temperature 


X 


X 


X 


X 


X 


Flowrates 


X 


X 


X 


X 


X 
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6 Information supplied by the manufacturer 

6.1 Information to be given on the oxygenator 

a) The manufacturer's identification; 

b) batch, lot or serial nunnber designation; 

c) nnodel designation; 

d) the direction of blood and/or gas and/or water flows, if necessary; 

e) the minimunn and operating reservoir levels, where appropriate. 

6.2 Information to be given on the packaging 

6.2.1 Unit container 

The following shall be visible through or given on the unit container: 

a) the manufacturer's name and address; 

b) description of contents; 

c) model designation; 

d) statement on sterility and nonpyrogenicity; 

e) expiry date; 

f) batch, lot or serial number designation; 

g) the words "Read instructions before use"; 

NOTE — The symbol clS may be used. 

h) any special handling or storage conditions; 

i) statement on single-use. 

NOTE — The symbol ® may be used. 

6.2.2 Shipping container 

a) The manufacturer's name and address; 

b) description of contents, including number of units; 

c) model designation; 

d) statement on sterility and nonpyrogenicity; 

e) expiry date; 

f) any special handling, storage or unpacking instructions. 

6.3 Information to be given in the accompanying documents 

Each shipping container shall contain an "Instructions for use" leaflet with the following information: 
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a) the manufacturer's address and telephone or telefax number; 

b) model designation; 

c) required ancillary equipment; 

d) instructions on necessary, special or unique procedures, as applicable; 

e) directions for placing the oxygenator in a support or operational fixture; 

f) placement, type and securing of tubing connections; 

g) location and purpose of additional entry or exit ports; 
h) heat-exchanger priming and operation; 

i) priming procedure; 

j) direction of blood, gas and water flows; 

k) general operating procedures for noi^al use; 

I) recommended procedure for intraoperative replacement of an oxygenator; 

m) maximum and minimum recommended blood flowrates; 

n) maximum and minimum operating volumes of the blood pathway, including any integral reservoir; 

o) maximum and minimum specified gas flowrates; 

p) heat-exchanger performance factors; 

q) residual blood volume; 

r) oxygen and carbon dioxide transfer rates; 

s) pressure limitations for blood, water and gas pathways; 

t) a statement that the following are available upon request: 

— sterilization method; 

— a list of materials of the blood pathway; 

— data on plasma leakage across any semipermeable membrane, if applicable; 

— blood pathway pressure drop at the maximum blood flowrate specified by the manufacturer for intended 
clinical use; 

— gas pathway pressure drop at the maximum blood and gas flowrates specified by the manufacturer for 
intended use; 

— data related to blood cell damage; 

— data on particle release from the oxygenator; 

— relevant tolerances for data presented. 

6.4 Information to be given in the accompanying documents in a prominent form 

a) Pressure limitations; 

b) flowrate limitations; 

8 
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c) blood level limitations; 

d) other device limitations. 

7 Packaging 

Packaging shall comply with the appropriate requirements of ISO 13485 or ISO 13488. 
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Annex A 

(informative) 
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International Standard 



ISO 13485^) Quality systems — 
Medical devices — Particular 
requirements for the application of 
ISO 9001 



Degree of Equivalence 
Technically Equivalent 



Corresponding Indian Standard 

IS/ISO 13485 : 2003 Medical 
devices — Quality management 
systems — Requirements for 
regulatory purposes 

The technical committee has reviewed the provisions of the following International Standards referred 
in this adopted standard and has decided that they are acceptable for use in conjunction with this 
standard: 



International Standard 



Title 



ISO 1 0993-7 : 1 995 Biological evaluation of medical devices — Part 7: Ethylene oxide sterilization 
residuals 

ISO 10993-11 :1993 Biological evaluation of medical devices — Part 11: Tests for systemic 
toxicity 

ISO 1 1 1 34 : 1 994 Sterilization of health care products — Requirements for validation and routine 

control — Industrial moist heat sterilization 

ISO 1 1 1 35 : 1 994 Medical devices — Validation and routine control of ethylene oxide sterilization 

ISO 1 1 1 37 : 1 995 Sterilization of health care products — Requirements for validation and routine 

control — Radiation sterilization 

ISO 13488 Quality systems — Medical devices — Particular requirements for the 

application of ISO 9002 

For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated expressing the result of a test or analysis, shall be rounded off in 
accordance with IS 2 : 1960 'Rules for rounding off numerical values (revised)'. The number of 
significant places retained in the rounded off value should be the same as that of the specified value 
in this standard. 



^) Since revised in 2003. 



Bureau of Indian Standards 

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to promote 
harmonious development of the activities of standardization, marking and quality certification of goods 
and attending to connected matters in the country. 

Copyright 

BIS has the copyright of all its publications. No part of these publications may be reproduced in any form 
without the prior permission in writing of BIS. This does not preclude the free use, in course of imple- 
menting the standard, of necessary details, such as symbols and sizes, type or grade designations. 
Enquiries relating to copyright be addressed to the Director (Publications), BIS. 

Review of Indian Standards 

Amendments are issued to standards as the need arises on the basis of comments. Standards are also 
reviewed periodically; a standard along with amendments is reaffirmed when such review indicates that 
no changes are needed; if the review indicates that changes are needed, it is taken up for revision. Users 
of Indian Standards should ascertain that they are in possession of the latest amendments or edition by 
referring to the latest issue of 'BIS Catalogue' and 'Standards: Monthly Additions'. 

This Indian Standard has been developed from Doc No.: MHD06(114). 
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